The use of explosive devices containing energy enhancement additives such as halogen compositions, metals in a form of fine powders and waxes resulted in the formation of toxic gases after their detonation. The released harmful gases together with the products of destruction of bombed targets had the effects of special chemical warfare.
Introduction
Experts in Serbia were mostly focused on understanding the effects of depleted uranium on the health of human population overlooking, however, the danger of chemical pollution caused especially by a fluid pyralene (Anđelković-Lukić, 2015a ,2015b and its burning products. Pyralene was incinerated when high voltage transformers were bombed. One of the most harmful products of pyralene decomposition is dioxin which is one of the most dangerous pollutants of natural environment (Anđelković-Lukić, 2006) .
Additional pollution of the environment came from the use of weapons containing explosive charges of different chemical compositions which, when detonated, released poisoning and suffocating gases as well as many other contaminants of ear, water and soil. Every explosive can be described by the general formula CxHyNzOp. The way of explosive function is through extremely fast, in order of nano seconds, oxidation -detonation. In the process of detonation, a huge amount of energy is released, followed by a production of high volume of hot gases -products of detonation, which, under very high pressure, have destructive effects. The formed products of detonation contain different gases such as: carbon monoxide, carbon dioxide, nitrogen oxides, cyanic compounds, hydrogen, nitrogen, water vapor, and elementary carbon as soot. The released gases are toxic by themselves and, in a combination with the burning products of oil, gasoline or vinyl chloride from the targeted tanks and reservoirs, had the final effect of chemical warfare.
In order to increase brisance, i.e. destructive energy of explosives, different additives and oxidizing agents of nitro formal types or ammonium perchlorate and metal powders, mostly aluminum, were used. The validity of the assumption that fluorine-based additives were used in warheads of missiles, rockets and bombs dropped on the FR Yugoslavia and Republika Srpska was confirmed by the effects on human population. One of these effects is necrosis of fingers (the case of a little girl in Republika Srpska who played in a bomb crater shortly after bombing).
A new weapon called "soft bombs" based on electroconductive fibers produced by highly sophisticated nano technology was used for the first time on the high voltage grid in Yugoslavia. This ammunition is the 4 th generation of ammunition. Figure 1 shows a coil of electroconductive glass-aluminum fibers.
The 3 rd generation were "graphite bombs"used in the Iraq bombing and produced also by nano technology. (Anđelković-Lukić, 2015a) 
Energetic additives to explosive charges
Research on the addition of fluorine in forms of formals into nitrocompounds was started in the USA in the late fifties of the last century. In 1961, upon a request from "Aerojet-General-Corporation" based on Navy needs, experiments involving the addition of fluorine into nitro compounds were carried out in the "Office of Naval Research" laboratories, Arlington, Virginia.
The objective of this research was to develop new propellants for long-range missiles. As a result of this research, several fluorine-based nitroformals were synthesized.
These very toxic compounds are also used as additives to explosives and as additives to liquid rocket propellants. In explosive compositions, ammonium perchlorate and aluminum powder are often used as energetic additives. Ammonium perchlorate is a strong oxidizer used as an additive to explosives as well as an additive to gunpowder and solid rocket propellants. In development and research laboratories of NATO countries, especially in the USA and France, there is an ongoing search for new, cheaper and more powerful explosives than "classical" hexogen and octogen. In line with this, a new CL-20 explosive was synthesized in the nineties of the last century.
It was named after the laboratory where it was synthesized for the first time (China Lake in California) (Anđelković-Lukić, 2009 ). CL-20 is a nitramine-based explosive about 20% more powerful than octogen (HMX). This is the reason why it has the number 20 in its name (Anđelković-Lukić, 2009 ). Even though the brisance of this explosive is 20% higher than that of octogen, additives based on fluorinated nitro formals are used.
These compounds are added to octogen which was phlegmatized with polymer pDNPA, and hexogen is added to a fluorine copolymer. Such compositions and their velocities of detonation (VOD) are shown in Table 1 .
There is a realistic assumption that these kinds of compositions were implemented in some ammunition used in the bombing of Yugoslavia. (Anđelković-Lukić, 2000) , (Dobratz, 1981 ) Таблица 1 -Взрывчатые составы с фторсодержащими нитроформами и фторполимерами (Anđelković-Lukić, 2000) , (Dobratz, 1981 ) Табела 1 -Експлозивни састави са флуорованим нитроформалима и флуорним полимерима (Anđelković-Lukić, 2000) , (Dobratz, 1981) 
Detonation products of explosives containing fluorine compounds
Detonation of explosives containing fluorinated nitroformals (Anđelković-Lukić, 2015a,2015b), (Minier & Behrens, 1997) in their compositions as well as burning of liquid rocket propellants containing these compounds lead to the formation of very toxic detonation products such as hydrogen fluoride, hydrofluoric acid, very reactive fluoric radicals, and fluoric oxides. All these aggressive compounds are formed under adiabatic conditions during detonation. Airborne hydrogen fluoride (g) reacts with traces of water present in the air to form hydrofluoric acid. The concentration of this acid of only 1 cm 3 in 1 m 3 of air can severely damage the human body and cause heavy poisoning. Hydrofluoric acid is a very strong poison, extremely harmful to the human tissue. Detonation of fluoric compounds may lead to the formation of strong toxic gases of fluoric oxides.
If in a detonation process fluorine is formed, it will react very forcefully with water by capturing hydrogen and releasing huge quantities of atomic oxygen -ozone, hydrogen peroxide, fluoric monoxide, and hydrogen fluoride.
Decomposition of fluorine-containing explosives
Detonation or burning of this kind of compounds releases a number of reactive chemical radicals (Minier & Behrens, 1997) . In the equations below, only radicals and molecules of the highest concentration in decomposition products of two explosives of nitro-formal type are presented:
bis (2, DFF is also a liquid explosive, more difficult to initiate and with a velocity of detonation of 6849 m/s at a density of 1.67 g/cm 3 (Minier & Behrens, 1997) . Since it has two more atoms in its formula than FEFO, it is more toxic as well.
Detonation products of explosives containing ammonium perchlorate and aluminum Very similar reactions with comparable toxicity of reaction products are identified in the decomposition of chlorine-based compounds such as ammonium perchlorate (Cai et al, 2008) .
As it can be seen from Table 2 , this strong oxidizer is used in high percentage in a number of explosive compositions. In more recent explosive charging formulations, nano-particle aluminum is added to increase energy efficiency and have better characteristics than aluminum in micrometer dimensions. Nano-powders of aluminum, due to a larger surface area, can increase the burning rate of the propellant and as such are more used in propellants than in mixtures with explosives. (Sundaram et al, 2015) , (Weidong et al, 2008) As it can be seen from Table 2 , powdered aluminum is added only to explosives that are not phlegmised by polymeric energy materials, since such PBX explosives decrease the rate of detonation (Brousseau & Anderson, 2002) . Explosives with aluminum additives have low sensitivity and good mechanical properties.
Addition of aluminium powder and ammonium perchlorate into explosive charges builds up internal energy and consequently increases the destructive and burning effect of the projectile at the target. Ammonium perchlorate has positive oxygen balance, 34.04 %, and by its addition negative oxygen balance of brisant explosives can be modified (Brousseau & Anderson, 2002) . The decomposition of ammonium perchlorate via burning (oxidizing process) can be explained by a few models. The most acceptable model is the classical model defining the burning process in a few consecutive steps. Endothermic decomposition of ammonium perchlorate results in the formation of perchloric acid and ammonia according to the reaction: Under adiabatic conditions of detonation, an extremely toxic, suffocating and aggressive gas -elemental chlorine is formed. Chloric oxides and radicals formed by detonation react with water from the air to form "acidic rain" which destroys and damages vegetation. The most common detonation products of the mixture of explosive CxHyNzOp and ammonium perchlorate NH4ClO4 are presented in the equation below. C x H y N z O p . + NH 4 ClO 4  Cl 2 + HCl + Cl * + ClO 2 * CCl * + CH 2 Cl * + CNCl + C 2 H 2 Cl * + CHNCl + C 2 H 2 OCl* + C 2 H 4 OCl* + ClCH 2 CN* + C 2 H 2 NOCl + C 3 H 5 O 2 Cl + C 2 H 2 N 2 O 3 Cl*+ C 2 H 2 N 2 O 4 Cl* + C 5 H 5 NO 5 Cl 2 + CHO 2 Cl
Considering that ammonium perchlorate as energetic additive is used in a significant amount in solid propellants for large caliber rockets and cruise missiles, a huge volume of aggressive and reactive chlorinebased compounds and radicals are released into the atmosphere during a projectile flight. These aggressive and reactive compounds are also formed in detonation of mixtures of high explosives and halogen-based compounds.
Decomposition of vinyl chloride
In the "Pančevo" refinery, a reservoir with vinyl chloride was deliberately targeted and destroyed. Vinyl chloride is very toxic and carcinogenic. It is used in the production of polyvinyl chloride -PVC. Beside carbon oxides and carbon formed by burning of vinyl chloride in the open air, toxic hydrochloric acid and extremely strong chlorine-based poison-phosgene are also formed as a result of vinyl chloride partial oxidation. (Savezno Ministarstvo za razvoj, nauku i životnu sredinu, 2000)
Vinyl chloride (chloroethane, chloroethylene), CH2= CH-Cl is a colorless gas with ethereal odor, of molecular mass 62.50, with the boiling point at -13.9 C and the melting point at -160 C. The solubility of vinyl chloride in water is low and good in ethanol and ether. It is combustible and explosible. It is easily polymerized. The product of polymerization is plastic material polyvinyl chloride.
The combustion of vinyl chloride having leaked from the bombed and damaged tanks can be described by the following equation:
When there is not enough oxygen, burning products react with each other in a gas phase and under the high temperature producing carbonyl chloride according to the following equation: hν CO + 2HCl → COCl 2 + H 2 Carbonyl chloride, known as phosgene, belongs to chemical warfare gases of suffocating type. It releases odor of rotten fruit or hay.
The oxidation (burning) of vinyl chloride can go in two directions: Complete combustion:
Incomplete combustion: hν CH 2 =CHCl → CO +HCN+HCl + CO 2 + H 2 O+H 2 +С Both reactions are ongoing in parallel. Therefore, in combustion products of vinyl chloride, there are the products of complete and incomplete combustion, aggressive and toxic gases such as hydrogen cyanide (HCN), chlorine (Cl2), carbon mono oxide (CO), carbon dioxide (CO2), and hydrochloric acid (HCl). The reactions between these combustion products when there is not enough oxygen and in the presence of light lead to phosgene oxime formation (Cl2CNOH). hν HCN + Cl 2 + H 2 O → Cl 2 CNOH + H 2 Phosgene oxime also belongs to chemical weapon agents. It is stronger than phosgene, which is a blistering agent, a choking agent, and an irritant (Minier & Behrens, 1997) .
In Pančevo, about 440 tons of vinyl chloride monomers (Savezno Ministarstvo za razvoj, nauku i životnu sredinu, 2000) were burned from the spherical reservoirs. Phosgene, a chemical warfare gas, is also a product of vinyl chloride monomers. The fire is shown in Figure 2 . Even though chemical warfare agents were not explicitly used, it can be said that putting tanks of vinyl chloride on fire can be considered as the use of chemical weapon agents.
Conclusion
Warheads of all kinds of projectiles used conventional explosives, mostly a mixture of trinitrotoluene (TNT) and hexogen. However, some other mixtures were used, like octogen and metriol trinitrate (MTN). To increase energy efficiency of these mixtures, different additives were used, like different plasticizers and oxygen rich inorganic ammonium salts. Ammonium perchlorate was mostly used. Ammonium nitrate was also used, but significantly less than perchlorate. Both compounds were applied as oxidizers rich in oxygen content. In order to increase energy efficiency of rocket propellants, fluorine-based compounds were mostly added. Therefore, besides their distruction effects, weapons used were releasing huge amounts of toxic and suffocating gases as products of combustion and detonation. The formed gaseous products of detonation contained carbon monoxide, carbon dioxide, nitrogen oxides, cyanocompounds, hydrogen, nitrogen, water in form of vapor, carbon in form of soot, and halogen radicals. These gaseous products of detonation in combination with the products of vinyl chloride fires had the effects of special chemical warfare carried out on the FR Yugoslavia in the year of 1999.
